ABSTRACT: Seedlings recovered from underdeveloped seeds of different commercial cultivars of Citrus were studied for their ploidy level. Cytological examination revealed that maximum triploid plants were found in lime Kaghzi (15.5%) followed by grapefruit Foster, mandarin Kinnow, sweet orange Musambi and mandarin Feutrell's Early (7.3%). Lime also produced the highest percentage of tetraploids (9.1%) followed by mandarin Kinnow and grapefruit Foster, while the minimum was found in mandarin Feutrell's Early. The polyploids were transplanted in pots and after hardening they were grown in the greenhouse for further morphological and genetic assays. 
The potential of polyploidy as a means of achieving improved Citrus cultivars has long been recognized; various origins of Citrus polyploidy and their uses in crop improvement and genetic manipulations have been discussed (Lee 1989) . Polyploids such as triploids, tetraploids, pentaploids, hexaploids and octaploids are found spontaneously in Citrus. Well known are for instance tetraploid Hongkong wild kumquat (Longley 1925) , triploid Tahiti lime (Bachi 1940) and tetraploid Triphasia desert lime (Esen, Soost 1972) . Triploids show more vigor than tetraploids and have thick round leaves. Only a low proportion of triploids have produced satisfactory yield so far (Soost, Cameron 1975) . However, triploids obtained from Citrus breeding were found the most resistant to low temperature. Tetraploids grow more slowly, are compact in habit and yield less than diploids of the same cultivar. Leaves of tetraploids are broader, thicker and darker in color than leaves of diploids. Yields vary with selections that might have less economic value but are important as breeding material (Khan, Rehman 1994) .
Underdeveloped seeds are found with considerably high frequencies of polyploids in several polyembryonic cultivars of sweet orange and tangor (Wakana et al. 1981) . Many other polyploids were produced experimentally and some valuable cultivars were evolved by ploidy manipulation (Spiegel-Roy 1988) . The aim of this investigation was to develop a well-defined methodology for a rapid polyploidization and to enhance the existing status of Citrus germplasm.
MATERIALS AND METHODS
Fruits of mandarin (Citrus reticulata Blanco) cultivars Kinnow and Feutrell's Early, sweet orange (Citrus sinensis L. Osbeck) cv. Musambi, grapefruit (Citrus paradisi Macf.) cv. Foster and lime (Citrus aurantifolia Swing.) cv. Kaghzi were collected. They were cut in halves to extract seeds. Pulp of fruits was washed with tap water and obtained seeds were categorized as developed and underdeveloped. The developed seeds were discarded while the underdeveloped seeds (Fig. 1 ) were surface sterilized with 75% ethyl alcohol plus 1-2 drops of Tween 20 as surfactant for 3-5 minutes. Then the seeds were dipped in 5% sodium hypochlorite solution for 2 to 3 min and washed in deionized autoclaved distilled water. Plastic pots (7.5 × 8.5 cm) were filled with sterilized sand. Five seeds of each cultivar were sown per pot comprising 20 pots per cultivar that were kept in a growth room in 16h photoperiod, 22 μmol m 2 /s and 25 ± 2°C temperature. Pots were watered every 2 to 3 days and the germination percentage was recorded.
At transplanting, after 6-10 weeks of sowing, root tip (greenish part) were taken for cytological studies and root and shoot length (cm) was measured. Root samples were pretreated with 1.4-di-chlorobenzene for 2-3 h at 20-26°C. Then they were dipped in fixative (100% ethyl alcohol, glacial acetic acid and chloroform in 6:1:3) for 10-12 h at 4°C. After fixation samples were washed with sterilized water. For microscopic observation the material was hydrolyzed with 5M HCl at 25°C for 20 min. Samples were dipped in Mordant solution containing 4% FeNH 4 (SO 4 ) 2 12 H 2 O for 1 h and washed 4-5 times with sterilized water. Samples were stained with 0.5% hematoxylin dye for 2-4 h (Gmitter et al. 1990 ). Prepared squashes were observed under Nikon inverted microscope at 10× × 100× magnification. After cytological confirmation diploids were discarded. The polyploids were transplanted in pots filled with sterilized substrate containing sand, silt and farmyard manure (2:1:1). When seedlings obtained 10-15 cm height, they were planted in the greenhouse. The experiment was laid out in Completely Randomized Design (CRD). Every cultivar included 3 randomized plots. Data were analyzed statistically with Duncan's Multiple Range Test (Steel, Torrie 1980) .
RESULTS AND DISCUSSION

Seed size and germination percentage
Citrus cultivars were examined for seed size viz. developed and underdeveloped. Significantly higher numbers were found in grapefruit cv. Foster (10 seeds) for developed seeds and in mandarin cv. Kinnow (17 seeds) for underdeveloped seeds (Table 1) . The results are strengthened because triploids were obtained from underdeveloped seeds ranging 1/3 to 1/6 of size of developed seeds yielding mostly diploids (Esen, Soost 1973a,b) . 1 haploid, 18 diploids and 51 triploids were found in plants originating from 82 underdeveloped seeds out of 2,049 seeds from pummelo cultivar Banpeiyu crossed with grapefruit (Toolapong et al. 1996) . Maximum germination percentage was found in Musambi (42.5%) followed by Kaghzi (35.5%), while minimum germination was observed in Feutrell's Early (25.0%), Foster (29.5%) and Kinnow (35.3%).
Plant growth in Citrus cultivars
Diploid seedlings
Regarding total plant growth, results were found highly significant for diploid seedlings. Maximum plant growth was observed in Foster grapefruit plants (12.38 cm), followed by Musambi sweet orange, Feutrell's Early mandarin and Kaghzi lime (10.02 cm). Seedlings of mandarin cv. Kinnow depicted the least growth (9.44 cm) of all investigated cultivars (Table 2) . Diploids are reported to grow more rapidly (Khan, Rehman 1994) . Their leaves have lower dry matter and higher water content opposite to lemon leaves with high dry matter and low water content (Jaskani et al. 2002) .
Triploid seedlings
Results of total plant growth of triploid seedlings of Citrus were nonsignificant for all investigated cultivars. However, the maximum growth was observed in grapefruit cv. Foster (11.16 cm), followed by Musambi, Feutrell's Early and Kinnow. The least plant growth (9.64 cm) was found in lime cv. Kaghzi (Table 3) . The results are supported as increasing ploidy results in larger cells, thicker and wider leaves which are less pointed from apex, large flowers and fruits, thick branches and stems with shortened internodes and crotch angles (Sanford 1983) .
Tetraploid seedlings
Data regarding total growth of tetraploid seedlings showed significant differences for all studied cultivars. The maximum plant growth was found in mandarin cv. Feutrell's Early (12.34 cm), followed by Musambi (12.12 cm), Kaghzi (10.34 cm) and Kinnow (9.00 cm) while Foster showed the last plant growth (8.58 cm) ( Table 4) . The results are well-founded since tetraploids are reported to grow more rapidly than diploids (Khan, Rehman 1994) and leaves of tetraploids are broader and thicker with dark green colour (Barrett, Hutchinson 1978 .
Frequency of polyploids
Root tips of Citrus cultivars were carefully excised, treated and prepared. These samples were then cytologically examined to confirm their ploidy level. Maximum percentage of diploid plants was found in cv. Feutrell's Early (90%), followed by Musambi (88%), Kinnow (84%) and Foster (82%) whereas minimum of diploid seedlings (75%) were observed in lime cv. Kaghzi. Lapin (1937) reported that majority of species of Citrus are diploid with somatic chromosome number 18. Maximum percentage of naturally occurring triploids was found in Kaghzi (15.45%), followed by Foster (14%), Kinnow (11.33%) and Musambi (9.33%); the lowest percentage (7.33%) of triploid plants was observed in cv. Feutrell's Early (Fig. 2a,b) . The results obtained are in agreement with previous work since the frequency of spontaneous triploids was found as high as 5% among the seedling progeny (Frost 1925) . Naturally occurring triploid Tahiti lime was reported by Bachi (1940). Means sharing the same letters are statistically non-significant; * ± standard deviation Similarly spontaneous triploids were obtained among progenies of Lisbon and Eureka lemon, Ruby sweet orange and Imperial grapefruit (Esen, Soost 1971). As for naturally occurring tetraploid seedlings, the highest percentage was depicted in cv. Kaghzi (9.09%), followed by Kinnow (4.6%), Foster (4%) and Musambi (2.66%); while the lowest percentage of tetraploids (2%) was observed in cv. Feutrell's Early (Table 5) . Several spontaneous tetraploid cultivars were reported previously such as naturally occurring tetraploid Hongkong of wild kumquat (Longley 1925), tetraploid Triphasia of dessert lime (Esen, Soost 1972), Fortunella hindsii and Clausena excavata (Froelicher et al. 2000) . Spontaneous polyploids were also observed in apomictic seedlings of Citrus (Barrett, Hutchinson 1978) . The number of developed and underdeveloped seeds per fruit per cultivar was found to vary. Seeds from open pollinated fruits were polyembryonic (aposporous) with varying number of embryos per seed. Esen and Soost (1973a,b) and Soost and Cameron (1975) noted that small seeds that were thought to be polyploids were 1/3 to 1/6 of diploids seeds size.
Considerable number of shrivelled seeds occurred in Citrus fruits (Cameron, Burnett 1978) . Empty seeds were observed less frequently in spontaneous polyploids (Oiyama et al. 1980 (Oiyama et al. , 1981 Oiyama, Kobayashi 1990) , while a lower set of fully developed seeds is a common feature in Citrus (Cameron, Soost 1969; Esen, Soost 1972; Oiyama et al. 1981) . Many empty and few fully developed seeds were obtained among spontaneous polyploids (Cameron, Soost 1969; Esen, Soost 1972; Cameron, Burnett 1978; Esen et al. 1979; Oiyama et al. 1981; Oiyama, Kobayashi 1990) .
A reduction in the development of seed size of underdeveloped seeds might be due to the intrinsic capability of the ovule due to polyploidy, differences in number of pollinations and due to the delayed pollination leading to the shortage or absence of endosperm required for the growth and development of cotyledons. Differences in the frequencies might also be ascribed to certain external factors like environment including temperature, light intensity, etc. (Barret, Hutchinson 1978) . Our results are consistent with the previous findings of Toolapong et al. (1996) who selected 82 seeds for their small size and reported that the number of seeds, in general, and in different sizes in particular, is a cultivar dependent characteristic, whereas the plant sector or location of the fruit on the plant did not show any significant impact on seed number and its development also recently supported by the findings of Fatima et al. (2006) in certain mandarin and sweet orange cultivars of Citrus. Akragas, Kamarina, Segesta and Selinunte are seedless lemons found as individual plants in commercial orchards, while Erice has 0-4 seeds per fruit (Calabrese et al. 2000) . 
CONCLUSIONS
A significant number of polyploids recovered from underdeveloped seeds of Citrus cultivars. Lime Kaghzi yielded maximum triploid plants (15.5%) followed by grapefruit Foster, mandarin Kinnow (9.1%), sweet orange Musambi and Feutrell's Early (7.4%) mandarin. Kaghzi also produced the highest tetraploid percentage (9.1%) followed by Kinnow and Foster while the minimum value was found in Feutrell's Early (2.0%).
Recovered polyploids were transplanted into plastic pots (Fig. 3) and shifted to the greenhouse for hardening. Morphological and genetic characterization of recovered polyploids is planned for future breeding and biotechnology programmes.
